Some animals have basic culture, but to date there is not much evidence that cultural traits evolve as part of a cumulative process as seen in humans. This may be due to limits in animal physical cognition, such as an inability to compare the efficiency of a novel behavioural innovation with an already existing tradition. We investigated this possibility with a study on a natural tool innovation in wild chimpanzees: moss-sponging, which recently emerged in some individuals to extract mineral-rich liquids at a natural clay-pit. The behaviour probably arose as a variant of leaf-sponging, a tool technique seen in all studied chimpanzee communities. We found that moss-sponges not only absorbed more liquid but were manufactured and used more rapidly than leaf-sponges, suggesting a functional improvement. To investigate whether chimpanzees understood the advantage of mossover leaf-sponges, we experimentally offered small amounts of rainwater in an artificial cavity of a portable log, together with both sponge materials, moss and leaves. We found that established moss-spongers (having used both leaves and moss to make sponges) preferred moss to prepare a sponge to access the rainwater, whereas leaf-spongers (never observed using moss) preferred leaves. Survey data finally demonstrated that moss was common in forest areas near clay-pits but nearly absent in other forest areas, suggesting that natural moss-sponging was at least partly constrained by ecology. Together, these results suggest that chimpanzees perceive functional improvements in tool quality, a crucial prerequisite for cumulative culture.
Introduction
Over recent decades, social network analyses and experiments in the wild and captivity have produced evidence that some animal behaviour can spread socially [1] [2] [3] [4] giving ground for the notion of animal cultures [5] . Yet there is still little compelling evidence for the evolution of cultural traits within groups or populations of animals. Consequently, animal cultures remain seen as stagnant, population-level portfolios of behaviour, much in contrast to what is seen in humans [6] [7] [8] .
While cultural evolution has become a hot topic in science [9] , the term is not uniformly defined, especially when applied to animals. According to some definitions, cultural evolution occurs through stochastic, drift-like processes, as seen in changes in the songs of humpback whales and some birds [10, 11] . Other definitions require that cultural evolution entails some sort of functional improvement, similar to natural selection, a process termed 'cumulative cultural evolution' (CCE). For instance, Schofield et al. ([12] , p. 114) define CCE as 'a modification [. . .] of a cultural trait (i.e. acquired via social learning) that enhances its complexity, efficiency, security, or convenience', a definition we use in this article. Importantly, this view of CCE does not mandate incremental changes in the complexity of behavioural traditions, as & 2018 The Author(s) Published by the Royal Society. All rights reserved.
proposed by other authors [6 -8] , as this effectively limits the notion of cultural evolution to humans, a perspective we and others [13, 14] find unhelpful for evolutionary studies. Cultural evolution, in our view, is equivalent to cultural change, which also broadens the range of relevant research to include, for example, experimental studies of zebra finch songs or route learning in pigeons [15, 16] .
Whatever definition is adopted, the current literature remains weak on examples of cultural change, particularly in wild animals and for tool use, which is astonishing considering the growing interest in animal innovations and traditions [17] . While all current cultural traits must have started off as innovations, most innovations in animals are not copied by others and remain one-off occurrences (e.g. [18] ). This is particularly true for chimpanzees (Pan troglodytes), a species well known for its culturally acquired behaviour [19] , where only a few of numerous behavioural innovations have spread through communities [20, 21] .
This has led to the hypothesis that, compared with humans, animals experience fundamental limitations in the types of social learning required for the high-fidelity spread of novel behaviours, which some authors consider a precondition for CCE [6] [7] [8] . For example, while there is a consensus that chimpanzees are avid social learners, they may achieve this by stimulus enhancement, local enhancement or emulation [22] , but not through imitation or teaching [6, 23] . As a result, chimpanzees may not truly understand the behaviours they learn from others but need to re-invent the wheel anew from one generation to the next [6] [7] [8] . A similar point has been made for New Caledonian crows (Corvus moneduloides), a species for which there is evidence for local and stimulus enhancement, but not for imitation regarding behaviour transmission between conspecifics and with humans [24, 25] . Nevertheless, more work is needed in both species to identify the specific social learning mechanisms that contribute to the transmission of tool designs. In addition, others have argued that imitation and teaching are not necessary for CCE to occur, neither in animals nor in humans [26, 27] , suggesting that an exclusive focus on social learning mechanisms may prevent a deeper understanding of CCE.
Another hypothesis for low levels of cultural evolution in animals is based on limitations in physical cognition (e.g. [28] ). Individuals may be unable to recognize that a novel behaviour is more suited for a given task compared with a pre-existing one, and thus fail to experience a motivation to adopt the new behaviour, even if it is more advantageous. Animals, in other words, may simply lack the cognitive ability to understand the functional consequences of physical actions upon the environment, which consequently prevents them from improving previously acquired cultural behaviours [29, 30] .
This view is controversial, however, as chimpanzees and other species in the wild have demonstrated some understanding of the physical properties of their tools (e.g. western chimpanzees, P. t. verus [31] ; capuchin monkeys, Sapajus libidinosus [32] ). For example, most chimpanzees use sticks to fish for termites, but central chimpanzees (P. t. troglodytes) also manufacture more efficient brush-tipped sticks [33] , suggesting that the Central African technique emerged from the unmodified technique. Interestingly, migrating female western chimpanzees adopt a less efficient nut-cracking technique to conform to the prevalent behaviour of their new social group at the cost of personal efficiency [34] . Among non-primates, New Caledonian crows manufacture probing tools to capture invertebrates in trees from the long-barbed edges of palm-like Pandanus leaves, but designs differ across groups of animals, suggesting CCE [35] . In addition, hooked stick tools may also have evolved from unmodified stick tools due to CCE [36, 37] .
Causal understanding of tool properties has also been demonstrated in captivity, notably for all great apes [38, 39] and New Caledonian crows [40] . For example, chimpanzees can change from one technique to another if there is a notable improvement in efficiency [41, 42] . As always with captive studies, the concern remains that capacities demonstrated by subjects may be a by-product of conditions absent in natural environments. One solution is to carry out controlled experiments with wild-born animals under laboratory conditions [43] , as demonstrated for wild-caught New Caledonian crows that discriminate differences in design features of hooked stick tools in captivity [44] .
In sum, the current literature is unable to provide a clear picture regarding the question of whether culturally acquired behaviour in animals can change in directed ways. While captive studies have demonstrated the ability of animals to improve both individually and socially learned techniques, these findings may be artefacts of captive conditions and, as such, of limited value to understand the cultural repertoires described in the wild. Similarly, while field studies have documented naturally occurring changes in behavioural traditions, sometimes with differences in complexity, we are not aware of any documented transition in a cultural trait changing from a less to a more efficient variant, which would provide strong evidence for CCE in wild cultures.
An interesting consequence of within-group changes in socially acquired behaviour is the establishment of cultural subgroups, defined here as parts of a group engaging in socially acquired behavioural patterns different from the rest of the group [45] . As has been argued for animal culture in general, a key point is that any eventual cultural subgroup is not the result of shared genetics or shared ecology alone [46] . Socially learned subcultures, in other words, are evidence for diversification within cultures and are important to investigate cultural evolution [47] . Over longer time periods, the behavioural variant that defines the subculture may continue its cultural sweep, to the effect that it becomes part of the entire group's culture. Alternatively, it may remain restricted to parts of the group [48] .
In this study, we address the question of CCE in animals by capitalizing on recent observations in the Sonso chimpanzee community (P. t. schweinfurthii) of Budongo Forest, Uganda [21] . In 2011, a behavioural innovation, mosssponging, naturally spread within a subset of the community [21] . Moss-sponging is an alternative to commonly found leaf-sponging, a behaviour present in all wild chimpanzee communities studied so far. While leaf-sponging is often referred to as a 'cultural universal' in chimpanzees [19] , its widespread presence may also suggest a genetic basis; studies examining the likelihood of its spontaneous emergence are thus needed [49] . Well before the advent of moss-sponging [50] , most members of the Sonso community habitually manufactured leaf-sponges to extract various types of liquids from cavities and rivers. Moss-sponging is probably a variant of leaf-sponging as both consist of harvesting a handful of rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20181715 leafy vegetation or clumps of moss, respectively, subsequently shaped in the mouth into a sponge approximately the size of a golf ball. The sponges are then dipped into the liquid and reinserted and squeezed in the mouth. Moss-sponging was first seen at one specific location in the community's home range, a clay-pit, which consisted of two waterholes in clay ground, filled with mineral-rich suspensions [51] . Immediately after its appearance, the new behaviour spread within a week across seven individuals via proximity-based observational learning [21] . In the subsequent 3 years, moss-sponging propagated further throughout the community, albeit now mainly within the matrilines of cohort members that initially learned the technique [52] . These two studies show that, compared with leaf-sponging, social learning must have contributed strongly to the spread of moss-sponging. In the meantime, moss-sponging was also observed in the Waibira community of Budongo Forest, which has an overlapping home range with the Sonso community (C. Hobaiter 2018, personal communication).
The fact that moss-sponging continued to spread through the community, despite the presence of an already existing technique for absorbing liquids (leaf-sponging), led us to hypothesize that the spread may have been caused by a difference in efficiency between the two types of sponge materials. However, one puzzling fact was that, since its emergence, moss-sponging was almost only observed at the site of its original invention, the clay-pit, with only six observations elsewhere in the forest, despite uninterrupted daily focal follows over several years by field assistants and researchers. Leaf-sponging, instead, continued to be observed in a range of contexts and throughout the forest, including at the clay-pit.
A more parsimonious hypothesis may thus have been that moss-sponging was nothing but a context-specific behaviour, triggered by special ecological conditions present at clay-pits, but that chimpanzees did not perceive the more general functional properties of moss as sponge material. In other words, moss-sponging chimpanzees may have simply used moss at the clay-pit in response to ecological (e.g. clay water) or social (e.g. competition) factors encountered at the location, but not because moss-sponging was part of an enriched cultural repertoire.
To distinguish between these two hypotheses, we collected three sets of data. First, we tested whether moss-sponging was indeed more efficient than leaf-sponging, a crucial prerequisite for any argument based on physical cognition. We were interested in two dimensions of efficiency: absorbency (amount of liquid a sponge could contain) and effectiveness (manufacturing and deployment time).
Second, to test whether moss-savvy (but not mossignorant) individuals preferred moss-sponging over leaf-sponging, we tested subjects with a standardized field experiment. The experiment consisted of giving subjects a choice between both sponge materials, leaves and moss, presented on a portable log with an artificial cavity filled with natural rainwater [53] . Not all members of the community had been observed using moss-sponges at the time of the experiment, suggesting some were 'moss-ignorant'. We thus classified subjects as either 'moss-spongers' (i.e. individuals who had been observed manufacturing a moss-sponge at the clay-pit but continued to use leaf-sponges in other contexts, including also at the clay-pit) or 'leaf-spongers' (individuals who had never been observed manufacturing moss-sponges but had manufactured leaf-sponges). If moss-sponges are more efficient than leaf-sponges and if chimpanzees can compare tools in terms of efficiency, we predicted that the proportion of moss choices would be higher among known moss-spongers than among leaf-spongers.
Third, we investigated whether the lack of moss-sponging by moss-savvy individuals throughout most of the forest was a by-product of uneven moss distribution as chimpanzees generally manufacture their tools near the location of use. To evaluate the ecological correlates of moss-sponging, we conducted a survey of leaf and moss distribution at known chimpanzee sponging locations throughout the forest, including areas of mixed forest where rainwater-filled tree holes were located and swamps where clay-pits were located.
Material and methods (a) Study site and subjects
The study was conducted in Budongo Forest Reserve in western Uganda (1837 0 -2800 0 N, 31822 0 -31846 0 E) with the Sonso chimpanzee community (P. t. schweinfurthii). The reserve consists mainly of moist semi-deciduous tropical forest, at a mean altitude of 1100 m. The Sonso community's home range is approximately 7 km 2 and members have been habituated to human presence since the mid-1990s [54] . At the time of the study, the community consisted of 68 individuals.
(b) Tool features
Tool efficiency was assessed in terms of absorbency, defined as the weight of liquid that a leaf-sponge or a moss-sponge could carry, the assumption being that the more water it could absorb, the more efficient it was. 'Leaf-sponging' was defined as using a wad of crumpled or folded leaves to absorb and consume liquid; 'moss-sponging' as using a clump of moss or mixture of moss and leaves for the same purpose (figure 1). Sponges manufactured by chimpanzees during daily follows and experiments were collected whenever possible and their absorbency measured. Over 153 days of focal follows and experiments between January 2013 and February 2015, we collected 96 sponges on 48 separate days from 28 identified and three unidentified individuals. We measured the absorbency for n ¼ 62 of them for whom the manufacturer was identified (n ¼ 48 leaf-sponges; n ¼ 14 mosssponges), collected during natural sponging at the clay-pit, tree holes and rivers (n ¼ 44) and during experiments (n ¼ 18). Absorbency was determined by dipping the sponge in water and then squeezing it, comparing the weight before and after squeezing with a scale (Factory weigh PRO-VA1234, precision: 0.01 g). Each sponge was tested within a few hours after being collected in the forest, ruling out systematic environmental effects (e.g. [55] ). Each sponge was then submerged in a container with rainwater, removed, weighed, squeezed until water stopped dripping and weighed again. This procedure was repeated 10 times for each sponge, following Biro and colleagues [56] . To account for possible degradation between repeated squeezes, we included measurement number as a covariate in the statistical analyses. While we measured weight of absorbed liquid, for simplicity we refer to absorbency as volume.
(c) Availability
We carried out a survey to assess the availability of sponging material (leaves and moss) around locations where chimpanzees had been observed sponging. The prediction was that swamp areas where clay-pits are located contained more moss than rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20181715 mixed forest areas where natural tree holes are located. To this end, in December 2016, we surveyed all locations where chimpanzees had previously been observed sponging from tree holes or water holes (28 locations, n ¼ 8 in swamp areas and n ¼ 20 in mixed forest areas). The survey zone was a 5 m radius around the water source, up to 3 m off the ground. To assess leaf availability, we counted all stems of Acalypha spp. and Lasiodiscus mildraedii, the species most frequently picked by the chimpanzees to manufacture leaf-sponges. We considered a stem as a plant axis that carried at least four leaves. To assess moss availability, we calculated the surface covered by moss in the survey zone. As moss species, we were able to identify Orthostichella welwitschii (mostly hanging from tree branches), Porotrichum elongatum and Plagiochila spp. (a liverwort). We assessed moss coverage by using surfaces of 20 cm Â 20 cm, using a cardboard reference unit. If the whole surface was covered by moss, we attributed a value of 1; if half, 0.5; a quarter, 0.25; otherwise 0.
(d) Experiment
To investigate what tool 'leaf-spongers' and 'moss-spongers' would select if given the choice of the two materials in a controlled context, we manufactured a portable log (length: 33.5 cm; diameter: 14 cm; electronic supplementary material, figure S10 ) with an artificial cavity drilled in the centre (opening: 8.0 Â 8.5 cm; depth: 8.0 cm), filled with 20 ml of rainwater. The apparatus was a modified version of a honey-trap apparatus used in previous experiments [53] . To minimize the risk of disease transmission from humans to chimpanzees, we boiled rainwater collected from tin roofs prior to each experiment. We chose rainwater rather than mineral suspensions to remove any potential inherent advantage that moss might have over leaves in absorbing minerals [21] . We positioned the apparatus in the absence of any individual and supplied tool material at an equal distance from the hole (electronic supplementary material, figure S10) in the form of two clumps of moss (Orthostichella welwitschii) and two leafy branches of Acalypha spp.
We aimed to test subjects in isolation to rule out social influence or competitive pressure. We thus targeted specific individuals by anticipating their travel direction, presenting the apparatus when they were alone (except for mothers with dependent offspring). The choice of subjects was therefore opportunistic and not blind. Since individuals were unconstrained in their daily movement patterns, it was unavoidable that, in some trials (8 of 20) , the subject arrived at the apparatus while another individual was already engaged with it. In another case, the subject joined two group members already engaging with the log (electronic supplementary material).
If both materials were still available when the subject arrived, we included its choices in the analysis. If an individual participated several times, we only took the first trial into account. Trials had to be repeated occasionally, with at least 24 h intermissions, if the subject interacted with the log but did not manufacture a sponge. All trials were filmed by two experimenters (N.L. and her field assistant) with Panasonic HC-X909 video cameras to get two different angles of the scene. Data included the identity of the subject and eventual bystanders, whether the subject had been seen moss-sponging before and the technique used to retrieve the water from the hole.
There were two experimental periods (January 2014 and January 2015) corresponding to the annual dry season, when chimpanzees are most likely to search for water in tree holes. 20 individuals participated in the experiment, all of which had been observed manufacturing leaf-sponges prior to the experiment: six adult females, five adult males, two subadult females, one subadult male, four juvenile females and two juvenile males. Nine of 20 individuals were classified as 'moss-spongers' as they had moss-sponged at least once before the experiment (electronic supplementary material, table S1), while the remaining 11 were classified as 'leaf-spongers' by default [52] .
The absorbency of the sponges (nine moss-sponges and nine leaf-sponges) manufactured during the experiment was measured as described above. We additionally evaluated efficiency by extracting manufacturing time (latency between first touching the material and removing the fabricated sponge from the mouth) and deployment time (latency between touching the sponge material, fabricating the sponge and transferring the liquid-filled sponge into the mouth) from videos recorded during the experiments for n ¼ 17 leaf-sponges and n ¼ 8 moss-sponges. For both measures, the assumption was that the faster a tool could be manufactured and used, the more efficient it was.
(e) Statistical analyses
To assess differences in sponge absorbency, we fitted a linear mixed model (LMM) with Gaussian error distribution with the lme4 package in R v. 3.4.0 [57, 58] . The response variable was the volume of water a given moss absorbed. Type of material (moss/leaf ), context (natural observation/experiment) and sponge weight were entered as fixed effects. In addition, we fitted measurement number as a control variable to account for the possibility that absorbency degraded within a sponge over repeated squeezes. Our main interest was the effect of the sponge material. As the degradation effect of repeated squeezes could differ between the two materials or the effects of material differ between the two contexts, we included two 2-way rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20181715 interactions in our model: (i) material and measurement number and (ii) material and context. We fitted sponge ID (due to multiple measurements per sponge) nested in manufacturer ID as a random intercept. Finally, we fitted material and context as uncorrelated random slopes in manufacturer ID. Model fit was assessed visually (distribution and homogeneity of residuals) and numerically (variance inflation factors), and neither check indicated severe violations of assumptions (electronic supplementary material). We also fitted a null model with the material (our factor of primary interest) removed but random effects structure unchanged. The difference between full and null model was assessed using a likelihood ratio test (LRT) [59] .
To assess differences in manufacturing and deployment time during the experiment, we fitted two LMMs with material (moss/leaf ) as a fixed effect, sponge manufacturer as random intercept, and material as uncorrelated random slope in manufacturer ID. In the first model, we used manufacturing time as the response variable. In the second model, we used deployment time as the response variable. As with the absorbency models, we removed the major factor of interest (material) of these full models to fit corresponding null models, which were also tested with LRTs. We also fitted both models as generalized linear mixed models with Poisson error and log-link function.
We used two tests to assess subjects' choices during the experiment. First, we ran a proportion test to address the hypothesis that, given their presumed differences in knowledge, moss-spongers were more likely to choose moss than leafspongers and that leaf-spongers were more likely to choose leaves than moss-spongers. Because this was a directed hypothesis, we opted to provide a one-tailed p-value here. In addition, if effects were significant, but opposite to what we predicted, we would consider the result as non-significant (i.e. the same interpretation as if accepting the null hypothesis [60] ).
Second, we addressed the same question but framed the problem as correlational (i.e. how strongly material choice was correlated with presumed knowledge). For this, we investigated the correlation between the likelihood of individuals to use moss in the experiment (yes ¼ 1; no ¼ 0) and their presumed knowledge of the moss-sponging technique (yes ¼ 1; no ¼ 0). This coding allows the calculation of repeatability R (intra-class correlation coefficient) between the choice of material during the experiment and presumed knowledge [61, 62] . This metric can be interpreted as the proportion of total variance accounted for by differences between individuals [61] . At its highest (R ¼ 1), there is no within-subject variance, so in our case the matching between choices during the experiment and subjects' knowledge would be perfect. We computed a null distribution of expected R-values based on 2000 permuted datasets and assessed statistical significance as the proportion of R-values from these permuted datasets that were larger or equal to our observed R-value [62] .
Finally, we compared the frequencies of materials to manufacture sponges between different locations/forest types using a Mann -Whitney U-test.
Results (a) Absorbency
The model assessing the absorbency of moss-sponges manufactured by chimpanzees in both natural and experimental contexts differed significantly from the null model (LMM, LRT: x 2 3 ¼ 36:25, p , 0.0001). We found that sponges made of moss absorbed significantly more liquid than sponges made of leaves, and this difference was more pronounced for the sponges manufactured in the experimental context (LRT, x 2 1 ¼ 28:69, p , 0.0001; table 1, figure 2 ). In the natural context, moss-sponges absorbed an average of 13.1 ml; leaf-sponges absorbed an average of 8.4 ml of liquid (figure 2). In the experimental context, moss-sponges absorbed an average of 26.3 ml; leaf-sponges absorbed an average of 9.5 ml of liquid (figure 2). Not surprisingly, heavier sponges, independently of the material used to manufacture them, absorbed more liquid than lighter sponges (1 g increase in weight corresponded to 0.85 ml more liquid absorbed; table 1).
(b) Manufacturing and deployment time
The model comparing manufacturing time only between experimentally manufactured moss-and leaf-sponges was marginally significantly different from the null model (LMM: n ¼ 25 sponges by 15 individuals, LRT: x figure 3) . Here, the combined time was on average 9.0 s for moss-sponges and on average 12.8 s for leaf-sponges.
In both cases, GLMMs with Poisson error structure revealed very similar results (see electronic supplementary material).
(c) Experiment
We tested 20 individuals. In line with our predictions, the proportion of individuals that used moss for sponge production To assess the correlation between presumed knowledge and choice during the experiment, we calculated the repeatability of the material chosen. The repeatability estimate was R ¼ 0.52 ( p ¼ 0.009, range of permuted R: 0.00-0.81; see electronic supplementary material, figure S8 ). These results indicate that individuals were more likely to choose the material in the experiment that corresponded to their presumed knowledge.
(c) Availability
We found that both Acalypha spp. and Lasiodiscus mildraedii were more readily available around tree-hole sponging locations in mixed forest areas (n ¼ 20 locations) than in swamp areas (n ¼ 8 locations) although this difference was not statistically significant (Mann -Whitney test, W ¼ 105.5, p ¼ 0.2034; figure 4). However, there was significantly less moss material available at known sponging locations in the mixed forest than in the swamp areas, where the clay-pits were located (Mann-Whitney test, W ¼ 5, p , 0.001; figure 4) .
Discussion
We tested experimentally whether the spread of moss-sponging, first observed in the Sonso chimpanzees of Budongo Forest in 2011, could be connected to differences in efficiency between this behavioural innovation and the ancestral leafsponging variant, and whether this led to the establishment of a new subculture in the community. We report three sets of findings that are directly relevant to this question and to the topic of cultural evolution more generally. In the first set, we found that moss-sponges represented a functional improvement compared to ancestral leaf-sponges. Mosssponges were both more effective in absorbing rainwater and fabricated and used more quickly than leaf-sponges. Our results are thus in line with an ongoing discussion on tool efficiency as an indicator of cumulative culture, exemplified by data on New Caledonian crows whose hooked tools are more efficient than non-hooked tools [36, 37] and central African chimpanzees whose brush-tipped termite fishing tools are more efficient than non-brushed tools [33] .
Our second finding was to show experimentally that chimpanzees who already had experience with moss-sponges preferred moss over leaves as material to fabricate sponges when presented with a novel problem unrelated to the original socio-ecological context of moss-sponging (i.e. independent of location, liquid type and social competition). By contrast, individuals that had never been observed mosssponging mainly chose leaves, suggesting they did not perceive moss as a suitable sponge material in this novel situation. These results demonstrate that moss-sponging is not tied to a particular ecological condition but generally available to individuals who have learned the novel technique beforehand. Our experimental results are also supported by the natural observations of Sonso individuals using moss-sponges outside the context of the clay-pit, which suggest that moss-sponging is in the process of being applied more widely.
In a third set of findings, we reported that the most likely reason natural moss-sponging was not seen outside its original clay-pit context was the uneven availability of moss throughout the forest. Survey data showed that the two most common plant species to manufacture leaf-sponges were abundant throughout the forest and present at the 28 locations where chimpanzees had been observed leafsponging. By contrast, moss was rare in the forest, except in swamp areas where clay-pits are located, which effectively prevented moss-spongers from executing their behaviour because of a lack of opportunities [63, 64] . Nevertheless, chimpanzees do not transport moss-sponges from moss-rich areas to moss-depleted ones, suggesting that the functional improvements may not be enough to modify chimpanzees' preference entirely.
The core evidence for cultural evolution was the result of our field experiment, which essentially suggested the presence of a cultural subgroup in tool use within the Sonso community. Our experiment did not specifically address the role of social learning in sponge manufacturing, as this was done in previous studies [21, 52] . More importantly, the current study suggests that most leaf-spongers did not perceive moss as a potential sponge material [29] , suggesting a lack of underlying cultural knowledge.
Nevertheless, 3 of 11 classified leaf-spongers (electronic supplementary material, table S1) chose moss to manufacture a sponge during the experiment, which requires some explanation. For one individual, KH, we cannot exclude that she was socially influenced by observing an individual before her using moss. However, this argument does not apply for other trials, such as when ST, roughly the same age, chose moss, even after having observed an individual before her using a leaf-sponge (electronic supplementary material). It is also possible that the three new moss-spongers (i) were simply oblivious to the choices offered, (ii) recognized the advantages of moss as sponge material in situ or (iii) were curious to try out its properties in the absence of any prior social learning. Generally, however, we find explanations based on ad hoc trial and error experimenting less plausible because multiple studies with this community have already shown a remarkable resistance to using novel tools in experimental situations [63, 65] . The most likely explanation, in our view, is that these three individuals had acquired the mosssponging behaviour prior to the experiment, but never showed it during observer presence. It would be important to monitor these previously unidentified moss-spongers to check whether moss-sponging remains present. We have observations for one individual, KH, who was subsequently observed moss-sponging at the clay-pit.
Also relevant is that two of nine known moss-spongers opted for the traditional leaf-sponging technique in the experiment. This might have been the result of individual differences in conservatism, manufacturing skills or taste. For example, some individuals may prefer the technique they are more used to, even if they understand differences in efficiency [53] . Leaves are the more habitual material to manufacture a sponge, which may have hindered some individuals from seeing the more efficient moss solution [29] . Social conformity may also cause some chimpanzees to opt for a less efficient technique [34] . In sum, while we showed consistency between attributed prior knowledge and choice in the experiment, our results suggest that context and individual differences interact with each other and determine an individual's choice of tool material, even in controlled situations [65] .
Overall, these results provide, to our knowledge, the first evidence that wild chimpanzees can switch from an older, less efficient variant towards a newer, more efficient, socially learned technique. Whether or not moss-spongers preferentially chose moss because they understood and compared the physical properties of the two materials seems very plausible but can ultimately not be decided by our data. While it is possible that experience with moss led to an understanding that moss is more efficient than leaves, moss-spongers may have simply become more familiar with moss compared with other chimpanzees, such that differences in habits were ultimately responsible for our findings. We do not find this a very strong argument because all individuals, including the moss-spongers, continued to use leaf-sponges regularly outside the context of the clay-pit over the years following the appearance of moss-sponging, predicting that all subjects should have chosen leaves in the experiment.
In sum, our findings are consistent with the interpretation that the innovation and social spread of moss-sponging effectively led to the formation of a tool-related cultural subgroup in the Sonso community. This outcome may be based on a cognitive ability to perceive and compare the functional properties and efficiency of tools. Cognitively 'less demanding' explanations, for example, that chimpanzees simply chose the more locally abundant material, were ruled out by our experiment, which controlled for the availability of tool materials. Our data further highlight a potential role of efficiency as a driver of cultural evolution, insofar as more efficient traits are favoured and eventually come to dominate, while less efficient traits are neglected and eventually abandoned. In our case, one reason why moss-sponging did not spread as much as its efficiency suggested might be the mere lack of available resources. There is no doubt ecological factors generally have a strong influence on the emergence and maintenance of cultural behaviour [63] . The Sonso chimpanzees had been observed for over 20 years before mosssponging appeared, with dozens of chimpanzees visiting the swamp forest but no one innovating the behaviour before 2011. One explanation for this is that other nutrient resources, such as Raphia pith [66] , became less abundant due to human activities, forcing chimpanzees to look for alternative sources, such as mineral-rich water found in clay-pits [51] . Moss-sponges then spread socially in a subgroup of the current generation of chimpanzees, who adopted the more efficient form compared to the ancestral trait. It will be interesting to see how new generations of Sonso chimpanzees, regularly exposed to moss-sponging demonstrators, magistrate between the old tradition, leafsponging, and the more recent tradition, moss-sponging, in tool-assisted drinking contexts.
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